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AIRFOIL SHAPE FOR A TURBINE BUCKET 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an airfoil for 

a bucket of a stage of a gas turbine and particularly 
relates to a first stage turbine bucket airfoil profile. 

[0002] Many system requirements must be met for each 

stage of the hot gas path section of a gas turbine in 
order to meet design goals including overall improved 
efficiency and airfoil loading. Particularly, the 

buckets of the first stage of the turbine section must 
meet the thermal and mechanical operating requirements 
for that particular stage. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] In accordance with the preferred embodiment of 

the present invention there is provided a unique airfoil 
shape for a bucket of a gas turbine, preferably the first 
stage bucket, that enhances the performance of the gas 
turbine. The present airfoil shape is a modification of 
a prior airfoil design. Specifically, by reshaping the 
trailing edge from the prior known design, the present 
airfoil is unique and not a direct scale of the prior 
known bucket airfoils. More specifically, cutbacks are 
applied to the trailing edge of the prior known design, 
particularly along its entire length, affording a wholly 
new overall airfoil profile. 

[0004] The bucket airfoil profile hereof is defined by 

a unique loci of points to achieve the necessary 
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efficiency, and loading requirements. These unique loci 
of points define the nominal airfoil profile and are 
identified by the X, Y and Z Cartesian coordinates of 
Table I which follows. The 1000 points' for the 

coordinate values shown in Table I are relative to the 
turbine centerline and for a cold, i.e., room temperature 
bucket at various cross-sections of the bucket airfoil 
along its length. The positive X, Y and Z directions are 
axial toward the exhaust end of the turbine, tangential 
in the direction of engine rotation and radially 
outwardly toward the bucket tip, respectively. The X and 
Y coordinates are given in distance dimensions, e.g., 
units of inches, and are joined smoothly at each Z 
location to form a smooth continuous airfoil 
cross-section. The Z coordinates are given in 

non-dimensionalized form from 0.05 (5%) span to 0.95 
(95%) span. By multiplying the airfoil height dimension, 
e.g., in inches, by the non-dimensional Z value of Table 
I, the airfoil shape, i.e., the profile, of the bucket 
airfoil is obtained. Each defined airfoil section in the 
X, Y plane is joined smoothly with adjacent airfoil 
sections in the Z direction to form the complete airfoil 
shape. The resulting airfoil particularly has a trailing 
edge cutback as compared with a prior known bucket. 

[0005] It will be appreciated that as each bucket 

airfoil heats up in use, the profile will change as a 

result of mechanical loading and temperature. Thus, the 

cold or room temperature profile is given by the X, Y and 

Z coordinates for manufacturing purposes. Because a 

manufactured bucket airfoil profile may be different from 

the nominal airfoil profile given by the following table, 

a distance of plus or minus 0.150 inches from the nominal 
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profile in a direction normal to any surface location 
along the nominal profile and which includes any coating, 
defines a profile envelope for this bucket airfoil. The 
airfoil shape is robust to this variation without 
impairment of the mechanical and aerodynamic functions of 
the bucket. 

[0006] It will also be appreciated that the airfoil can 

be scaled up or scaled down geometrically for 
introduction into similar turbine designs. Consequently, 
the X and Y coordinates in inches and the non-dimensional 
Z coordinates, when converted to inches, of the nominal 
airfoil profile given below may be a function of the same 
constant or number. That is, the X and Y coordinate 
values in inches, and optionally the Z coordinate values 
when converted to inches, may be multiplied or divided by 
the same constant or number to provide a scaled up or 
scaled down version of the bucket airfoil profile while 
retaining the airfoil section shape. 

[0007] In a preferred embodiment according to the 

present invention, there is provided a turbine bucket 
including a bucket airfoil having an airfoil shape, the 
airfoil having a nominal profile substantially in 
accordance with Cartesian coordinate values of X, Y and Z 
set forth in Table I wherein the Z values are 
non-dimensional values from 0.05 span to 0.95 span 
convertible to Z distances in inches by multiplying the Z 
values by a height of the airfoil in inches, and wherein 
X and Y are distances in inches which, when connected by 
smooth continuing arcs, define airfoil, profile sections 
at each distance Z, the profile sections at the Z 



3 



136386 



distances being joined smoothly with one another to form 
a complete airfoil shape. 

[0008] In a further preferred embodiment according to 

the present invention, there is provided a turbine bucket 
including a bucket airfoil having an uncoated nominal 
airfoil profile substantially in accordance with 
Cartesian coordinate values of X, Y and Z set forth in 
Table I wherein the Z values are non-dimensional values 
from 0.05 span to 0.95 span convertible to Z distances in 
inches by multiplying the Z values by a height of the 
airfoil in inches, and wherein X and Y are distances in 
inches which, when connected by smooth continuing arcs, 
define airfoil profile sections at each Z distance, the 
profile sections at the Z distances being joined smoothly 
with one another to form a complete airfoil shape, the X 
and Y distances being scalable as a function of the same 
constant or number to provide a scaled-up or scaled-down 
airfoil . 

[0009] In a further preferred embodiment according to 

the present invention, there is provided a turbine 

comprising a turbine wheel having a plurality of buckets, 

each of the buckets including an airfoil having an 

airfoil shape, the airfoil having a nominal profile 

substantially in accordance with Cartesian coordinate 

values of X, Y and Z set forth in Table I wherein the Z 

values are non-dimensional values from 0.05 span to 0.95 

span convertible to Z distances in inches by multiplying 

the Z values by a height of the airfoil in inches, and 

wherein X and Y are distances in inches which, when 

connected by smooth continuing arcs, define the airfoil 

profile sections at each distance Z, the profile sections 
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at the Z distances being joined smoothly with . one another 
to form a complete airfoil shape. 

[0010] In a further preferred embodiment according to 

the present invention, there is provided a turbine 
comprising a turbine wheel having a plurality of buckets, 
each of the buckets including an airfoil having an 
uncoated nominal airfoil profile substantially in 
accordance with Cartesian coordinate values of X, Y and Z 
set forth in Table I wherein the Z values are 
non-dimensional values from 0.05 span to 0.95 span 
convertible to Z distances in inches by multiplying the Z 
values by a height of the airfoil in inches, and wherein 
X and Y are distances in inches which, when connected by 
smooth continuing arcs, define airfoil profile sections 
at each distance Z, the profile sections at the Z 
distances being joined smoothly with one another to form 
a complete airfoil shape, the X, Y and Z distances being 
scalable as a function of the same constant or number to 
provide a scaled-up or scaled-down bucket airfoil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIGURE 1 is a schematic representation of a hot 

gas path through multiple stages of a gas turbine and 
illustrates a first stage bucket airfoil according to a 
preferred embodiment of the present invention; 

[0012] FIGURE 2 . is a perspective view of the _ bucket 

according to a preferred embodiment of the present 
invention with the bucket airfoil illustrated in 
conjunction with its platform, shank and near-axial entry, 
dovetail connection; 
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[0013] FIGURE 3 is a side elevational view of the 

bucket of Figure 2; 

[0014] FIGURE 4 is an opposite side elevational view 

thereof; 

[0015] FIGURES 5 and 6 are respective opposite^ end 

views of the bucket as viewed from the leading and 
trailing edges of the airfoil; 

[0016] FIGURE 7 is a top plan view looking radially 

inwardly from the tip of the bucket; 

[0017] FIGURE 8 is a representative airfoil profile 

section taken generally about a mid-span portion of the 
airfoil hereof; 

[0018] FIGURE 9 is a schematic representation 

illustrating a trailing edge reduction for comparison 
purposes with a prior known bucket airfoil; and 

[0019] FIGURE 10 is a schematic illustration of the. 

trailing edge diameter of the bucket airfoil hereof 
illustrating its configuration in relation to the prior 
known bucket. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Referring now to the drawings, particularly to 
Figure 1, there is illustrated a hot gas path, generally 
designated 10, of a gas turbine 12 including a plurality 
of turbine stages. Three stages are illustrated. For 
example, the first stage comprises a plurality of 
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circumf erentially spaced nozzles 14 and buckets 16. . The 
nozzles are circumf erentially spaced one from the other 
and fixed about the axis of the rotor. The first stage 
buckets 16, of course, are mounted on the turbine rotor 
17. A second stage of the turbine 12 is also 

illustrated, including a plurality of circumf erentially 
spaced nozzles 18 and a plurality of circumf erentially 
spaced buckets 20 mounted on the rotor 17. The third 
stage is also t illustrated including a plurality . of 
circumf erentially spaced nozzles 22 and buckets 24 
mounted on rotor 17. It will be appreciated that the 
nozzles and buckets lie in the hot gas path 10 of the 
turbine, the direction of flow of the hot gas through the 
hot gas path 10 being indicated by the arrow 26. 

[0021] It will be appreciated that the buckets, for 

example, the buckets 16 of the first stage are mounted on 
a rotor wheel 19 forming part of rotor 17. Each bucket 
16 is provided, as illustrated in Figures 2 and 3, with a 
platform 30, a shank 32 and an axial dovetail 34 for 
connection with a complementary-shaped mating dovetail, 
not shown, on the rotor wheel 19. It will also be 
appreciated that each bucket 16 has a bucket airfoil 36. 
Thus, each of the buckets 16 has a cross-sectional 
airfoil profile at any cross-section from the airfoil 
root 31 (Figure 3) at a midpoint of platform 30 to the 
bucket tip 33 in the shape of an airfoil 

[0022] To define the airfoil shape of each first stage 

bucket airfoil, there is a unique set or loci of points 

in space that meet the stage requirements and can be 

manufactured. This unique loci of points meets the 

requirements for stage efficiency and reduced thermal and 
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mechanical stresses. The loci of points are arrived at 
by iteration between aerodynamic and mechanical loadings 
enabling the turbine to run in an efficient, safe and 
smooth manner. The loci which defines the bucket airfoil 
profile comprises a set of 1000 points relative to the 
axis of rotation of the turbine. A Cartesian coordinate 
system of X, Y and Z values given in Table 1 below 
defines the profile section of the bucket airfoil at 
various locations along its length. The coordinate 
values for the X and Y coordinates are set, forth in 
inches in Table I although other units of dimensions may 
be used when the values are appropriately converted. The 
Z values are set forth in Table I in non-dimensional form 
from 0.05 (5%) span to 0.95 (95% span). To convert the Z 
value to a Z coordinate value, e.g., in inches, the 
non-dimensional Z value given in Table I is multiplied by 
the height of the airfoil 36 in inches. The Cartesian 
coordinate system has orthogonally-related X, Y and Z 
axes and the X axis lies parallel to the turbine rotor 
centerline, i.e., the rotary axis and a positive X 
coordinate value is axial toward the aft, i.e., exhaust 
end of the turbine. The positive Y coordinate value 
looking aft extends tangentially in the direction of 
rotation of the rotor and the positive Z coordinate value 
is generally radially outwardly toward the bucket tip. 

[0023] By defining X and Y coordinate values at 

selected locations in a Z direction normal to the X, Y 
plane, the bucket airfoil profile section, e.g., profile 
section 40 of Figure 8, at each Z distance along the 
length of the airfoil can be ascertained. By connecting 
the X and Y values with smooth continuing arcs, each 



8 



A 

136386 



profile section 40 at each, distance Z is fixed. The 
airfoil profile sections 40 of the various surface 
locations between the distances Z are determined, by 
smoothly connecting the adjacent profile sections to one 
another to form the entire airfoil profile. These values 
represent the airfoil profile sections at ambient, 
non-operating or non-hot conditions and are for an 
uncoated airfoil. 

[0024] The Table I values for X and Y are generated and 

shown to four decimal places for determining the profile 
of the airfoil. The fourth decimal place, however, is 
not significant and may be rounded up or down. There are 
typical manufacturing tolerances as well as coatings 
which must be accounted for in the actual profile of the 
airfoil. Accordingly, the values for the airfoil profile 
given in Table I are for a nominal airfoil. It will 
therefore be appreciated that ± typical manufacturing 
tolerances, i.e., ± values, including any coating 
thicknesses, are additive to the X and Y values given in 
Table I below. Accordingly, a distance of ± 0.150 inches 
in a direction normal to any surface location along the 
airfoil profile defines an airfoil profile envelope for 
this particular bucket airfoil design and turbine, i.e., 
a range , of variation between measured points on the 
actual airfoil surface at nominal cold or room 
temperature and the ideal position of those points as 
given in the Table below at the same temperature. The 
bucket airfoil design is robust to this range of 
variation without impairment of mechanical and 
aerodynamic functions . , 
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[0025] The coordinate values given in Table I below 

provide the preferred nominal profile envelope. 

TABLE I 



' X Y Z 

Inches Inches % Span 



-1 . 3594 


-0 


. 5213 


0 


. 05 


-1.2754 


-0 


. 52 33 


0 


. 05. 


-1 . 1942 


-0 


.4993 


0 


. 05 


-1 . 1157 


-0 


.4673 


0 


. 05 


-1 . 0376 


-0 


. 4344 


0 


.05 


-0 . 9588 


-0 


.4030 


0 


.05 


-0 . 8792 


-0 


. 3740 


0 


. 05 


-0.7987 


-0 


. 3474 


0 


. 05 


-0.7176 


-0 


. 3227 


0 


. 05 


-0. 6361 


-0 


.2995 


0 


. 05 


-0 . 5541 


-0 


.2782 


0 


.05 


-0 . 4715 


-0 


.2592 


0 


.05 


-0.388,3 


-0 


.2431 


0 


. 05 


-0 . 3045 


-0 


.2302 


0 


. 05 


-0 . 2202 


-0 


. 2208 


0 


. 05 


-0 . 1357 


-0 


.2155 


0 


. 05 


-0 . 0509 


-0 


.2144 


0 


. 05 


0 . 0338 


-0 


.2180 


0 


. 05 


0 . 1181 


-0 


.2264 


0 


. 05 


0.2018 


-0 


. 2399 


0 


. 05 


0.2845 


-0 


.2583 


0 


. 0 5 


0.3659 


-o 


.2818 


0 


. 0 5 


r\ A a r o 

0.44 58 


-0 


O "I A 1 

.3101 


0 


. 05 


0 . 5239 


-0 


. 3430 


0 


. 05 


0.6000 


-0 


.3804 


0 


.05 


0. 6738 


-0 


.4220 


0 


.05 


0.7453 


-0 


.4675 


0 


.05 


0.8144 


-0 


.5166 


0 


.05 


0. 8810 


-0 


.5691 


0 


.05 


0. 9450 


-0 


.6246 


0 


.05 


1.0066 


-0 


.6829 


0 


.05 


1.0656 


-0 


.7436 


0 


.05 


1 . 1223 


-0 


.8067 


0 


.05 


1. 1766 


-0 


.8717 


0 


.05 


1.2287 


-0 


.9386 


0 


.05 


1.2787 


-1 


.0071 


0 


.05 


1.3272 


-1 


.0766 


0 


.05 


1.3746 


-1 


.1468 


0 


.05 


1.4284 


-1 


.2110 


0 


.05 
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X 


Y 


Z 


Inches 


Inches 


% Span 


1. 


5101 


-1.2115 


0.05 


1. 


5576 


-1 . 1449 


0.05 


1. 


5383 


-1 .0633 


0.05 


1 . 


5074 


-0.9843 


0.05 


1. 


4748 


-0.9061 


0.05 


1. 


4417 


-0.8280 


0.05 


1. 


4085 


-0 .7501 


0.05 


1. 


3750 


-0 . 6722 


0.05 


1 . 


3414 


-0.5944 


0.05 


1. 


3074 


-0.5167 


0.05 


1. 


2731 


-0.4392 


0.05 


1. 


2383 


-0.3619 


0.05 


1 . 


2030 


-0.2849 


0.05 


1 . 


1671 


-0 .2081 


0.05 


1. 


0930 


-0.0556 


0.05 


1. 


1305 


-0.1316 


0.05 


1 . 


0547 


0 . 0200 


0.05 


1. 


0154 


0.0951 


0.05 


0. 


9747 


0.1695 


0.05 


0. 


9324 


0.2429 


0.05 


0 . 


8884 


0.3154 


0.05 


0. 


8423 


0.3865 


0.05 


0. 


7935 


0.4558 


0.05 


0. 


7415 


0.5227 


0.05 


0. 


6860 


0.5867 


0.05 


0. 


6266 


0. 6472 


0.05 


0. 


5633 


0.7035 


0.05 


0. 


4959 


0.7550 


0.05 


0. 


4248 


0 .8010 


0.05 


0. 


3501 


0.8410 


0.05 


0. 


2723 


0.8746 


0.05 


0. 


1920 


0. 9018 


0.05 


0. 


1098 


0. 9222 


0.05 


0. 


0261 


0.9358 


0.05 


-0 


.0583 


0 . 9426 


0 .05 


-0 


.1431 


0 . 9427 


0.05 


-0 


.2276 


0 . 9363 


0 . 05 


-0 


. 3113 


0 . 9233 


0.05 


-0 


.3938 


0 . 9039 


0.05 


-0 


.4746 


0 .8782 


0 .05 


-0 


.5531 


0.8463 


0.05 


-0 


.6290 


0.8087 


0.05 


-0 


.7021 


0.7658 


0.05 


-0 


.7721 


0.7180 


0.05 


-0 


.8390 


0. 6659 


0.05 


-0 


.9027 


0 . 6101 


0.05 
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X 




Y 




L 


Inches 


Inches 


o. 


Span 


-0 Q6^4 


0. 


5509 


n 


0 R 
. u j 


J. . U X X 


0. 


4888 


0 


OS 


- 1 07 61 

1 • U / Ox 


0. 


4243 


n 

u 


0 r 


- 1 1 9 P S 

X . X Z- O J 


0. 


3577 


n 


0 s 


- 1 1 7 P S 

X . _L / O J 


0. 


2893 


o 


0 s 

. U J 


- 1 ? 9 60 


0. 


2191 


n 

u 


0 R 


- 1 9 7 0 P 
x . Z / U O 


0. 


14 71 


o 

u 


0 R 
. U J 


- 1 ^1 9^ 


0. 


07 32 


n 
w 


0 r 


- 1 ^ r n s 


-0 


.0025 


o 

u 


0 r 

. U J 


± . JO JJ 


-0 


.0797 


n 


0 R 


_ 1 A 1 £ 1 

1 . ft 1 0 1 


-0 


.1587 


n 
u 


0 R 
. U j 


- 1 A A 1 Q 


-0 


.2394 


n 
u 


0 R 

. UJ 




-0 


.3221 


0 
u 


. UJ 


1 . 4 O 4 / 


-0 


.4066 


n 
u 


0 R 
. U J 


- 1 Zl ^ A P 
x . 4 J 4 O 


-0 


.4840 


n 
u 


0 R 
. U J 


— 1 . J 4 0 O 


-0 


.4782 


n 
u 


1 0 


— 1 9 £ R R 


-0 


.4832 


n 
u 


1 0 
. JL U 


— 1 1 P R9 


-0 


.4582 


n 

u 


1 0 


_ i i n q r 


-0 


.4232 


u 


i n 


— 1 0 ^ 9 ^ 
x . UjZj 


-0 


.3872 


u 


1 n 


— 0 QRRQ 


-0 


.3530 


n 
u 


1 0 
. 1U 


— 0 P 7 £ Q 


-0 


.3219 


n 


1 0 
• J. U 


- 0 7 Q7 4 
U . / :? / 4 


-0 


.2941 


n 


1 0 
. x u 


— 0 7 1 £ P 
U . / 1 Do 


-0 


.2694 


0 
u 


1 0 


- 0 6 ^ R £ 


-0 


.2468 


n 

u 


1 0 


_ A C. tOp . 
U . J JJO 


-0 


.2266 


n 
u 


1 0 
. J. u 


— 0 471 ^ 
U . 4 / x J 


-0 


.2090 


n 

u 


1 0 

. 1U 


- 0 ^ P P ^ 


-0 


. 1946 


n 


1 0 

. 1U 




-0 


.1839 


n 

u 


• X VJ 


— 0 9 9 07 
u . zzu / 


-0 


. 1771 


n 

u 


1 0 
. x u 


-0 1 


-0 


.1747 


o 


1 0 
. x u 


- 0 0 R 9 9 

U . U JZZ 


-0 


.1770 


0 


1 0 

. 1U 


0 0^1 P 


-0 


. 1842 


o 


1 0 

. 1U 


0 1 1 SI 

V . ± x J x 


-0 


.1966 


o 


1 0 

• X \J 


VJ . X Z/ 1 U 


-0 


.2143 


o 

<J 


1 0 

. X VJ 


0 9787 

VJ - A / o / 


-0 


.2370 


o 


1 0 

• X VJ 


VJ • J J O J 


-0 


.2647 


o 


. 10 


0.4360 


: -0 


.2973 


o 


. 10 


0.5117 


-0 


.3344 


o 


. 10 


n r p r 9 

U . jo JZ 


-0 


.3757 


n 
u 


i n 

. x u 


0. 6563 


-0 


.4209 


0 


.10 


0.7250 


-0 


.4697 


0 


.10 


0.7913 


-0 


.5217 


0 


.10 


0.8552 


-0 


.5767 


0 


.10 


0.9167 


-0 


.6343 


0 


.10 


0. 9759 


- -0 


. 6943 


0 


.10 
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X 




Y 




7 


Inches 


Inches 


O 

o 


opa. 


1. 


0329 


-0 


.7564 


VJ 


i n 


1. 


0877 


-0 


. 8205 


o 


1 0 


1. 


1404 


-0 


.8862 


o 


1 0 

. j_ vj 


1. 


1912 


-0 


. 9535 


n 

VJ 


1 0 


1. 


2402 


-1 


.0221 


n 

u 


1 0 

• _L VJ 


1. 


2880 


-1 


.0915 


n 


1 0 

. J. VJ 


1 . 


3356 


-1 


.1611 


n 


1 n 


1. 


3903 


-1 


.2240 


o 


1 0 

. X VJ 


1. 


4715 


-1 


.2246 


VJ 




1 . 


5193 


-1 


.1588 




1 0 

• X vj 


1. 


5020 


-1 


.0771 


n 
\j 


1 0 

• ± VJ 


1. 


4727 


-0 


.9981 


n 


1 n 

. _L VJ 


1 . 


4409 


-0 


. 9200 


n 


1 0 

• J. VJ 


1. 


4085 


-0 


.8422 


n 




1. 


3760 


'* -0 


.7644 


n 

u 


1 n 

. J. U 


1. 


3434 


-0 


. 6867 


0 
vj 


i n 

. J. U 


1. 


3105 


-0 


. 6091 


n 


i n 

. J. u 


1. 


2775 


-0 


.5315 


n 


1 0 

. J- u 


1. 


2441 


-0 


.4541 


u 


i n 


1 . 


2103 


-0 


.3769 


n 

u 


i n 


1. 


1760 


-0 


.2999 


n 


. 1U 


1. 


1412 


-0 


.2232 


n 

u 


• ± VJ 


1. 


1057 


-0 


.1467 


n 


• X u 


1. 


0695 


-0 


.0706 


n 


. X u 


1. 


0324 


0. 


0051 


n 
u 


. 1U 


0. 


9944 


0. 


0803 


n 


i n 

. 1U 


0. 


9550 


0. 


1549 


n 


1 0 

. 1U 


0. 


9141 


0. 


2286 


n 

VJ 


1 0 

- -L VJ 


0. 


8715 


0. 


3013 


VJ 


. J. VJ 


0. 


8268 


0. 


3728 


o 

w 


1 0 

. X VJ 


0. 


7795 


0. 


4425 


n 

VJ 


1 0 

. X VJ 


0. 


7291 


0. 


5101 


n 
\j 


1 0 

» _L VJ 


0. 
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0 . 


9692 


0 . 
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. 3042 


0 . 


9764 
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90 
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. 3799 


0 . 


9718 


0 . 


90 


-0 


.4540 


0 . 


9557 


0 . 


90 


-0 


. 5250 


0 . 


9292 


0 . 


90 


-0 


. 5920 


0 . 


8937 


0 . 


90 


-0 


. 6543 


0 . 


8504 


0 . 


90 


-0 


.7116 


0 . 


8008 


0 . 


90 


-0 
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0 . 


74 60 


0 . 


90 


-0 
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0 . 


r a 1 1 
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0 . 
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A A 
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-0 
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C f~ A f~ 
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0 . 


90 
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0. 


90 


-1 


. 0444 
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0. 


90 


-1 


.0566 


0. 


1382 
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90 


-1 


. 0498 


0. 


0632 


0. 


90 


-0 
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0490 


0. 


95 
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0. 


0557 


0. 


95 
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0 . 


0853 


0 . 


95 


-0 
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0. 


95 


-0 
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1537 
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X 




Y 




z 


Inches 


Inches 


% 


Span 


-0 


. 6290 


0 . 


1833 


0 


.95 


-0 


. 5575 1 


0 . 


2069 


0 


.95 


-0 


. 4839 


0 . 


2230 


0 


.95 


-0 


. 4091 


0 . 


2308 


0 


.95 


-0 


. 3339 


0 . 


2280 


0 


.95 


-0 


. 2602 


0 . 


2127 


0 


.95 


-0 


.1899 


0 . 


1858 


0 


.95 


-0 


.1242 


0 . 


14 90 


0 


.95 


~0 


.0634 


0 . 


1047 


0 


.95 


-0 


. 0068 


0 . 


0550 


0 


.95 


0 


04 60 


o 


0013 


0 


.95 


n 


0 9 5ft 




.0552 


0 


. 95 


o 


142 8 


-0 


.1140 


0 


.95 


n 


1877 


-0 


.1745 


0 


.95 


n 


2106 


-0 


.2364, 


0 


.95 


0 . 


2719 




. 2995 


0 


.95 








. 3634 


0 


.95 


n 

u . 


3503 


-0 


.4281 


0 


.95 


n 

u • 


3R79 




4 934 


0 


.95 


o 


T <£. *1 wJ 




5592 

• -J -J ~s C. 


0 


.95 


0 . 


4 603 


-0 


. 6255 


0 


.95 


0 . 


4954 


-0 


. 6921 


0 


.95 


0 


5298 


-0 


.7591 


. 0 


.95 


0 . 


5638 


-0 


.8263 


0 


.95 


0 . 


597 3 


-0 


.8938 


0 


.95 


0 . 


6304 


-0 


. 9615 


0 


.95 


0 . 


6633 


-1 


. 0293 


0 


.95 


0 . 


6958 


-1 


.0972 


0 


.95 


0 . 


7282 


-1 


.1652 


0 


.95 


0 . 


7604 


-1 


.2333 


0 


.95 


0 . 


7925 


-1 


. 3014 


0 


.95 


0 . 


8246 


-1 


.3696 


0 


.95 


0 . 


8567 


-1 


. 4377 


0 


.95 


0 . 


8891 • 


-1 


.5057 


0 


.95 


0 . 


9227 


-1 


. 5731 


0 


.95 


0 . 


9698' 


-i 


. 6302 


0 


.95 


1 . 


0428 


-1 


. 6333 


0 


.95 


1. 


0942 


-1 


.5817 


0 


.95 


1. 


0881 


-1 


.5078 


0 


.95 


1. 


0656 


-1 


. 4359 


0 


.95 


1. 


0421 


-1 


.3643 


0 


.95 


1. 


0182 


-1 


.2929 


0 


.95 


0. 


9942 


-1 


.2215 


0 


.95 


0. 


9701 


-1 


. 1501 


0 


.95 


0. 


9460 


-1 


. 0788 


0 


.95 


0. 


9217 


-1 


.0075 


0 


.95 
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X Y Z 

Inches Inches % Span 



0 . 


O A "7 O 

89 /z 


-0 


a o r a 

.9362 


u 


.93 


0 . 


d i o r 

8/2 6 


a 

-o 


o /~ c a 

.8 650 ' 


A 

u 


. 95 


o . 


84 / / 


-0 


■~7 a o a 

. / 9 3 9 


u 


. yo 


a 

0 . 


n o o 

822 / 


-0 


noon 

.7229 


u 


. 95 


A 


I fi "7 /I 

7 9/4 


-0 


/"CIA 

.6519 


0 


A t: 

. 95 


0 . 


T "7 1 O 

7718 


-0 


.5811 


0 


A C 

. 95 


0 . 


7459 


-0 


.5103 


0 


A C 

. 95 


0 . 


7197 


-0 


.4397 


0 


A C; 

. 95 


0 . 


6932 


-0 


. 3692 


0 


. 95 


0 . 


6662 


-0 


.2989 


0 


. 95 


0 . 


6388 


-0 


. 2287 


0 


A IT 

. 95 


0 . 


6110 


-0 


.1587 


0 


. 95 


0 . 


582 6 


-0 


.08 90 


0 


. 95 


0 . 


5535 


-0 


.0194 


0 


. 95 


0 . 


5238 


0 . 


0498 


0 


. 95 


0 . 


4934 


Q . 


1187 


0 


. 95 


0 . 


4621 


0 . 


1872 


0 


. 95 


0 . 


4298 


0 . 


2552' 


0 


. 95 


0 . 


3963 


0 . 


3227 


0 


. 95 


0 . 


3616 


0 . 


3896 


0 


. 95 


0 . 


32 54 


0 . 


4556. 


0 


A IT 

. 95 


0 . 


2875 


0 . 


5207 


0 


. 95 


0 . 


2 4 7 6 


0 . 


5846 


0 


. 95 


0 . 


2051 


0 . 


/" a /~ A 

64 68 


0 


A IT 

. 95 


0 . 


1596 


0 . 


70 68 


0 


A tr 

. 95 


0.. 


1105 


0 . 


7640 


0 


. 95 


0 . 


0575 


0 . 


8174 


0 


A LI 

. 95 


-0 


. 0001 


0 . 


o r r r\ 

8 660 


0 


a r: 

. 95 


-0 


.0625 


0 . 


A A O T 
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0 


A C 

. 95 


-0 
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A A A A 
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A A 1 A 

. 2 U 10 


u . 
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A "7 C A 

.2/52 


0 . 


n t o ^ 
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0 


.95 


-0 


.7882 


0. 


7134 


0 


.95 


-0 


.8323 


0. 


6524 


0 


.95 


-0 


.8726 


0. 


58 87 


0 


.95 


-0 


.9095 


0. 


5231 


0 


.95 


-0 


. 9435 


0. 


4559 


0 


. 95 


-0 


.9742 


0. 


3871 


0 


.95 


-1 


.0010 


0. 


3167 


0 
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X •= Y Z 

Inches Inches % Span 

-1 . 0225 0.2446 0. 95 

-1.0355 0.1704 0.95 

-1.0299 0.0958 0.95 

[0026] In this preferred embodiment of a first stage 

turbine bucket, there are ninety-two (92) bucket airfoils 
36. The root 31 of the bucket airfoil at the midpoint of- 
the platform .in a preferred embodiment of the .turbine, 
lies at 32.348 inches along a radius from the turbine 
centerline, i.e., rotor axis 39 (Figure 1). The actual 
height of the airfoil 36 in a preferred, embodiment, 
hereof, that is, the actual Z height of the . bucket ,• ; is 
7.075 inches from the root 31 at the midpoint of the 
platform 30 to tip 33. Thus f the tip 33 of the bucket 16 
in a preferred embodiment lies 39.423 inches along a 
radius from the turbine centerline 39. While not forming- 
part of the present invention, each first stage bucket 
.airfoil 36 includes a plurality of internal, air-cooling 
passages, not shown, which exhaust cooling air into .the. 
hot gas path , at exit locations 42 adjacent the airfoil 
tip 33 as illustrated. . ■ 

[0027] It will also be appreciated that the airfoil 

disclosed in , the above Table may be scaled up', or down 
geometrically for use in other similar turbine designs. - 
Consequently, .the coordinate values set forth in Table" 1 
may be scaled upwardly or downwardly such . that the. 
airfoil profile shape remains unchanged. A scaled 
version of the coordinates in Table I would be represented' 
by X and Y coordinate values of Table I, and optionally 
the non-dimensional Z coordinate value when converted ; to 

inches, multiplied or divided by a constant number.. 
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[0028] Referring now to Figures 9 and 10, the. trailing 
edge of the airfoil hereof is illustrated at 50. The 
trailing edge of the prior known bucket is illustrated , at 
52. . ,-. It will be appreciated from a review of .Figure. 8 
that the trailing edge 50 has been cut back, f rom the 
trailing edge 52 of the prior bucket. The cutback .is 
indicated by the distance 54 between the trailing . edges 
50 and 52. The cutback extends along the entirety of the 
height of the trailing edge of the airfoil 36. .-.,< 

[0029] Referring to Figure 10, the trailing edge 

diameter 5 6 is provided in Table II below in inches at the 
trailing edge of the airfoil. The displacement 58 is the 
distance in inches that the trailing edge is reduced from 
the conventional bucket design previously noted. The 
table below thus gives the trailing edge diameters and 
displacements as a percentage of the span in , inches, of 
the airfoil 36. It will be appreciated that by cutting 
back the trailing edge configuration, an entirely new and 
different overall airfoil configuration is provided as 
compared with the prior design. For example, : . the 
trailing edge cutback results in a shorter airfoil 
tangent chord at each span above 0% span, i.e., the 
tangent chord being the linear distance between the 
leading edge and the trailing edge. 



TABLE II 

Airfoil 

Partial Height TE Diameter Displacement 

0 

0.0726 
0. 1075 
0. 1161 



0.000 
0 . 7 07 
1.416 
2.123 



0.0880 
0.0906 
0.0885 
0.0883 
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■Airfoil 
Partial Height 



2.830 

3.538 

4.245 

4.952 . 

5.659 
• 6.368 
r . 7.075 

[0030] While the 

connection with what is presently considered to be the 
most practical and preferred embodiment, it is to be; 
understood that the invention is not to be limited to the 
disclosed embodiment, but on the contrary, is intended to 
cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended 
claims . 



TE Diameter 

0.0880 
0. 0876 
0.0870 
0.0882 
0. 0878 
0.0863 
0.0866 



invention has 



Displacement . 

0.1223- 
0.1217 
0. 1054 
0.0822 
0.0615 
0.0430 
0.0297 

been described in 



